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Abstract
Theoretical Analysis on the profile of slider in
reciprocating comp resso r has been presented
based on the
hydrodynamic lubrication. Theoretical Analysis
calculates fluid film pressure, attitude angle, frictio
nal force,
and minimum film thickness in normal condi
tion for comparing two different profiles of
slider. The
calculated results show that the profile of slider
plays an important role in the determination of
the lubrication
characteristics and the barrel type profile is more
efficient from the viewpoint of lubrication.

Introduction
The slider in a reciprocating compressor unde
rgoes an oscillatory motion in the shell when
compressor
operates and piston moves up and down along
the axis of the cylinder. This oscillatory motion
is usually small
but very important to compressor performance
and reliability. All the major concerns in desig
n, such as
frictional loss, noise and anti-wear life, are signif
icantly related to the mutual dependence betwe
en the slide
motion and lubrication. It is certainly needed, there
fore, to develop and improve numerical analysis
for better
understanding and reliable prediction of slider motio
n, friction and lubrication at the slider-shell interf
ace.
In this paper, theoretical analysis on the profile
of slider in reciprocating compressor has been
presented
based on the hydrodynamic lubrication. And the
approach analyses shows fluid film pressure, attitu
de angle,
frictional force, and minimum film thickness in norm
al condition to compare two different profiles
of slider.
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Governing Equation
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A shematic drawing of shell/slider system is presented in Fig 1. The external forces acting on the surface of
slider are depicted as F.,11 . F.,11. The descpitive equation of motion for the slider can be simply expressed as
fOllowing;

---I)

---2)

where Fh , Mh are due to the hydrodynamic action and

Mextl. M., 11

are due to the external forces.

Equation of Lubrication

The following steady incompressible Reynolds Equation is employed in the present work to include the effect
'

of profile on the hydrodynamic lubrication.
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And lubricant film thickness equation can be well approximated by the following;
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where h0 means minimum film thickness and h1 is due to thermal expansion which can be evaluated by
following equation;
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where
---6)

R,(x) = R,0 (x)[I +a ·LlT(x)]
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Rtax

denotes the maximum radial deformation due to thermal expansi
on, Rto the radial profile in
atmosphere, ~ T the difference of temperature between actual operatio
n and atmosphere. Substituting
(5),(6) into (4) gives the following lubricant film thickness equation.

h ( X , cp ) = h 0 + R ,"'""' - [ R ,"'""' - h r (

X ) ][

1+

X ·

Ll T ( X

---7)

) ]

In order to solve the Reynolds Equation, Half-Sommerfeld boundary
condition is used. After obtaining the
hydrodynamic pressure distribution by solving the Reynolds Equatio
n, the normal force due to the
hydrodynamic pressure and its moment about slider hole can be calculat
ed by the following integration;
F
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in which A is the total bearing area on both thrust and antithrust sides.
And hydrodynamic friction force can also be calculated based on the shear
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Results and Discussion
The two models of radial profile in slider is shown Fig.2, where the profile
of slider(b) has the barrel type of
characteristics compared with the profile of slider(a).
Calculated velocity and resultant force acting on the slider based on
the given gas pressure with time is
plotted in Fig 3 and Fig 4 as a function of crank angle. Note that suction
stroke is from 0 to 180 deg crank
angle, discharge stroke from 180 to 360 deg.
Figure 5

shows the calculated result of attitude angle corresponding to each of two
profiles. The thin line is
the attitude angle of slider (b), where <P I <P max (b) means the relative
value to maximum attitude angle of
slider (b). It can be seen that slider (a) contacts with thrust side in the
whole range, but slider (b) contacts
occasionally with antithrust side, which is probably due to the ·improvement
of lubrication characterestics.
Figure 6 shows the minimum film thickness The bold line is the minimu
m film thickness of slider (a), where
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that in this case
(a) means the relative value to minimum film thickness of slider (a). It is found
roughness. On the other
minimum film thickness of slider(a) is nearly close to the arithmetic sum of surface

hI h

min

hand, slider(b) has occasionally thick film thickness.
(b), where F I F max (b)
Asso, the frictional force is shown by Fig.7. The thin line is the frictional force of slider
of frictional force in slider(b)
means the relative value to maximum frictional force of slider (b). The magnitude
, i.e.
is much smaller than that in slider( a). This probably comes from enough film thickness

good lubrication.

is zero, due to its typical
In any cases above the slider has two unavoidable dead points, where the velocity
force is close to zero at
compression mechanism. This means that film thickness is minimum and frictional
these points theoretically.

Conclusion
developed based on the
Theoretical analysis on the profile of slider in reciprocating compressoer has been
hydrodynamic lubrication. Some conclusion drawn from this study are as follows;
used to predict the entire
(1) A computer program is constructed based on the profile of slider. It can be
trajectory of slider and hydrodynamic friction as a function of crank angle.
motion and friction in a
(2)1t is shown that the profile plays an important role in the determination of slider
point of the lubrication characteristics.
the slider wear against the
(3)Good hydrodynamic lubrication with the barrel type of profile can minimize
thrust side and reduce the frictional loss.
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